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Abstract
The central theme of the present thesis is the application of some advanced analytical and semi-analytical methods to the analysis of biological systems, with a view to gain an insight into the processes underlying the complex behavior of these systems. The emphasis has mainly been on the methods of reducing the number of degrees of freedom near the critical points in the system. Two specific models of biological significance have been considered, in the present analysis: the exponential autocatalysis and the Seelig's oscillator. In the first chapter an extensive bifurcation analysis of the exponential autocatalysis has been carried out. The emphasis has been on obtaining the conditions for occurrence of known bifurcation features like the hard mode instability. A complete bifurcation map has been drawn for this model in order to characterize the possible behavior for different parameter regimes. The results obtained indicate that the model is capable of rich dynamic behavior. A variety of features like multiplicity, unstable and stable oscillatory solutions, unique stable and unstable states, saddle points and points of homoclinic bifurcation are obtained. In the next chapter we exploit the presence of two different time scales inherent in this system, to eliminate the fast variables. The system is analyzed in the presence of diffusion. Global uniform solutions depending on whether the critical wave number is odd or even, are constructed. Conditions under which these dissipative structures are stable are also obtained. Further the conditions describing the evolution of a limit cycle and conditions for its stability are also obtained. Time heirarchies are known to play an important role biological processes and a method of analysis presented here can prove to be useful in approximating the behavior of such processes. Much of the analysis presented in the rest of the thesis concentrates on simplifying the behavior of complex systems near bifurcation points, in particular the Hopf bifurcation point. Chapter IV deduces a simple universal equation, which serves this purpose. The method of deduction is illustrated through the example of the exponential autocatalysis. This equation is central to any further analysis of the spatio-temporal evolution of the reaction-diffusion systems. The spatio-temporal features arising in the substrate-inhibition kinetic model are obtained using the GL equation. For this purpose, an extensive numerical analysis of the GL equation is carried out in the neighborhood of the onset of the kinetic and the diffusional instabilities. Further, the stability of the structures arising is tested by studying the evolution of the amplitude of the GL equation for short as well as long times. The results indicate that the predominant feature in the neighborhood of the first type of instability is spatially uniform oscillations. However, if the diffusional instabilities set in before the onset of spatially uniform oscillations, then spatial inhomogenities start appearing. The stabilities of these structures are also studied with respect to the GL constants. The results obtained indicate that in a reaction controlled regime the value of the constant C1 does not affect the system behavior. Certain interesting features like the space-time dislocation of structures arise for certain parameter values. Further, the evolution of the system under the influence of noise is studied for the case of substrate-inhibition kinetics. A simple equation of the form of the GL equation is obtained. This method of analysis of fluctuations can easily be extended to a general class of fluctuations, to analyze a variety of situations. Next, the perturbation methods have been extended to the analysis of coupled oscillators. Here, we encounter a second type of diffusional instability, known as the phase instability. A nonlinear phase description equation is derived for this purpose. With the help of this equation, the stability of the uniform oscillatory solutions to the GL equation for the substrate-inhibition case is analyzed. We find that for certain realistic parameter values, the uniform oscillations become unstable to due to diffusional effects and spatio-temporal chaos can occur. In conclusion the present thesis aims at extending some dvanced mathematical methods to problems of biological interest with a view to investigate the conditions for the occurrence of various types of dynamical features and the evolution of the system in some asymptotic regions. 
  	 


